D
uring the course of evolution, all vertebrates have been exposed to multiple waves of cross-species infection by retroviruses. Some of these viruses have succeeded in infecting germ cells and are now inherited in integrated, proviral form (1). These so-called endogenous retroviruses have undergone further amplification and now make up a greater fraction of our DNA than do normal coding sequences (2) . For a considerable while it was an open question whether these proviruses provided significant benefits to their hosts or simply represented junk or selfish DNA. It is now clear that several such elements contribute to protection against retroviral infection (3) . Moreover, a number of lines of indirect evidence have pointed to a possible role in placental development (4). Now comes compelling evidence that one or more proviruses are ''paying their way'' with a specific contribution to normal physiology. In this issue of PNAS, Dupressoir et al. (5) show that mutant mice in which the syncytin-A gene has been knocked out die in utero, apparently as a result of the failure of trophoblast cells to fuse and form one of the two syncytiotrophoblast layers present in the placenta of mice. These structures are present on the exterior of the placenta, at the fetal-maternal interface, and are thought to play a key role in exchanging nutrients and waste between mother and fetus. Syncytin-A is derived from a retroviral env gene (6) .
The receptor binding and membrane fusion activities that play key roles in the retrovirus life cycle (7) are provided by the two protein products of the env gene, SU (surface) and TM (transmembrane). Synthesized as one polypeptide precursor that is proteolytically cleaved during transport to the cell surface, they remain physically linked even after virus production. Binding of SU to its cognate receptor can have a number of consequences (Fig. 1) . In the viral life cycle, membrane fusion activity allows viruses to enter target cells (8) (Fig. 1 A) . Alternatively, Env produced by infected cells can down-regulate or saturate free receptor on the cell surface (Fig. 1B) , resulting in resistance to infection (3) . If encoded by an endogenous retrovirus, such resistance will be inherited in Mendelian fashion. Examples of resistance to retroviruses arising in this manner can be found in a number of species, including chickens, mice, and cats (3); they represent some of the first examples of ''useful'' endogenous retroviruses. Finally, there are multiple examples of retrovirus infection leading to cell membrane fusion and the formation of multinucleated cells (9, 10) (Fig. 1C) ; the importance of this phenomenon for retrovirus-induced pathogenicity remains to be determined. In any event, Env-mediated membrane fusion is a key feature of the retroviral life cycle, and it is this activity that now appears to have COMMENTARY been appropriated for use in placental formation. Most endogenous proviruses have been present in the germ line for many millions of years and have suffered the inevitable mutational decay of genomic passengers not subject to positive selection (11) . Thus, of the tens of thousands of proviral elements in the human genome, few, if any, can replicate as viruses although many are transcribed in a differentiation-specific manner. Searches for functional proviral genes have therefore focused on viral sequences that (i) are conserved in evolution and encode ORFs and/or (ii) show interesting patterns of expression. One such gene is the env gene encoded by the single-copy ERV-3 locus (12), a provirus that is present in all apes and Old World monkeys and expressed primarily in the placenta. However, a detailed survey of SNPs in the human population revealed the presence of a homozygous stop codon within the env gene of ERV-3 in 1% of the population (13), a finding that would be inconsistent with an essential role in placenta formation. Attention turned to a gene dubbed syncytin (14) . It corresponds to the env gene of one particular member of the HERV-W family of proviruses (15) . It is conserved in evolution and highly expressed in placenta, specifically in the syncytiotrophoblast. When introduced into cultured cells, it can mediate fusion, an activity that can be blocked by addition of antisera directed against syncytin to the media. Subsequently, a second conserved env gene (syncytin-2), highly conserved in evolution and encoded by an endogenous provirus of the HERV-FRD group, also with fusion activity, was identified by a genomewide screen for env genes with ORFs (only 16 were identified) followed by functional testing (16) . Detailed SNP analysis yielded no data inconsistent with a functional role for syncytin-1 or syncytin-2 (17) .
These findings are highly suggestive of a role for one or both syncytins in placental morphogenesis but do not represent definitive proof. Because HERV-W and HERV-FRD proviruses are present only in primates, gene knockout approaches to test the functions of syncytin-1 and syncytin-2 are not feasible. However, the discovery in mice of an additional pair of env genes, syncytin-A and syncytin-B, at chromosomal locations 5qG2 and 14qD1, with properties analogous to the human genes, opens up this possibility (6) . Syncytin-A and syncytin-B are present in all Muridae and show placenta-specific expression and in vitro fusogenic activity. Dupressoir et al. (5) describe the properties of mice carrying a null mutation in the syncytin-A gene. Homozygous embryos die in utero between 11.5 and 13.5 days post coitum. Cellular and subcellular examination of placentae from the null mice revealed disruption of the syncytiotrophoblast-containing regions associated with a surplus of trophoblasts, suggesting their failure to fuse and providing strong evidence that the retrovirally derived syncytin-A plays a key role in placentation. A description of the properties of the syncytin-B knockout is not yet available but will be of considerable interest given observed differences in the fusion specificity of syncytin-A and syncytin-B (6) . Further, the syncytins may prove valuable tools for studying placental development.
It should be stressed that the pair of murine syncytins are unrelated in sequence or chromosomal location to the primate genes and were acquired independently from one another. The human loci resemble intact proviruses much more closely than do the murine genes that retain little more than the env genes of the integrating viruses (6, 15, 16) . Nevertheless the results with the syncytin-A knockout would appear to strengthen the case for the involvement of syncytins in human placentation. Furthermore evidence using an in vivo morpholino loss of function approach also argues for a role of one or more endogenous retrovirus-encoded env genes, clearly different from the syncytins, in the regulation of periimplantation placental growth and differentiation in sheep (18) . It therefore appears that retroviral env genes have been co-opted to play a part in placental development on a number of independent occasions. Comparative studies reveal significant structural diversity among the placentae of different orders of mammals (19, 20) ; one might therefore speculate that the specific roles played by these viral genes may differ, perhaps depending on the cellular expression patterns of Envs and their specific receptors. It is possible that proviral inheritance will provide a better predictor of the diversities of syncytial morphologies than taxonomy alone.
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